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Mm = (Vm, Lm,→m, Am, λm)´L­®o­
Vm
ªeÀ~¬°´;­À­¬¦¶[¯²o¶«L¬-®\¶&½«"¶a­¸À'¶[¯
m  Lm = M ∪ {ε}  Am = {m, r}  m ∈ λm(v) ¯¶®'±&½ ½
































	9x`y`  m1,m2 ∈ I+ v1 m2−−→m1 v′1 v1 |= ¬r v2 |= m2 v2 ∈ E
(v1, σ)
m1call m2−−−−−−→ (v2, v′1 · σ)
	°hoNZof;hoz  m1,m2 ∈ I+ v2 |= m2 ∧ r v1 |= m1
(v2, v1 · σ)
m2 ret m1−−−−−−→ (v1, σ)
I%x^;`yNO*Hutw;w;`yNZtIhoxkzLX\b}Zobc_azs)fL`cNGX
 	  Ë 8"-L Ë rNÂWZ(NOYN£Lz;N#Z\J;N]z;_Zobc_az¼_¦xw;w;`yNZSbczAZoNh\xkNa¤ #;_khSN9xaJDxwLw;`cNZ9p¦N#YbeX[Z\byz;kf;beX\J
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I = (I+, I−)  ´;­®\­
I+, I− ⊆ Meth
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A = (M, E) : I
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b(A) = (Mb, Eb)  ´;­®\­ Mb =
(Sb, Lb,→b, Ab, λb)
À¸·L²´¬ ´L±&¬
Sb = V × V
∗  b-¤ Na¤"À¸¬0±¬0­À±®\­ÅL±&ª ®À¶l¯²¶«L¬-®\¶&½AÅL¶&ª «B¬À±&« ]À¸¬0±a² &À 
Lb = {m1 l m2 | l ∈ {call, ret}, m1,m2 ∈ I
+} ∪ {ε}  →b ªeÀk­.Æi«"­)³!¬°´;­]®¸·Y½y­¸À#¶[¯  ±k³½c­ 
Ab = A  ±&«  λb((v, σ)) = λ(v)  ´;­)À­¬¶[¯¦ª «Lª ¬-ª±&½YÀ¸¬|±&¬|­¸À
Eb
ªeÀ k­.Æi«2­ ~³!
Eb = E×{ε}  ´L­®\­ ε k­«2¶¬0­À¬ ´L­­ÁtÅ2¬ !À­ #·L­«"²­¶µº­®
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top  indexM (σ) = Max({i | 0 ≤ i < |σ| ∧ λMeth(σi) ∈M})

















` if ` = m1{call/ret}m2 ∧ m1,m2 ∈ M
topM (v · σ) callm2 if ` = m1 callm2 ∧ m1 6∈ M,m2 ∈M
m1 ret top
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bM (A) = ((S,LM ,→M , AM , λM ), EM )  ´;­®\­
  LM = {ε} ∪ {m1`m2 | m1,m2 ∈M ∧ ` ∈ {call, ret}}
p
  →M= {((v, σ), `, (v′, σ′)) | ∃a ∈ L. (v, σ)
a
→ (v′, σ′) ∧ ρM ((v, σ), a) = ` }
p
  AM = M ∪ {r}
p
  λM = (v, σ) 7→ {topM (v · σ)} ∪ (if(v ∈M ∧ v |= r) then {r} else∅)
p
  EM = {v | v ∈ E ∧ λMeth(v) ∈ M}
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bM (A) |=w φ
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x#MONZ\J;_Y  y®y¬ ¡x]X\NZ_kw;fL^;`cbeMONZoJ;_Y;X
M
pYhoN9X\wBNG¸Z\bynkN9`cVa¤
IntM (m) = {(v, ε, v
′)|v −→m v
′ ∧ v |= ¬r}
PubM (m) = {(v,m
′, v′) | v
m′
−−→m v
′ ∧ v |= ¬r ∧ m′ ∈ M}
PrivM (m) = {(v,m
′, v′) | v
m′
−−→m v
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A : I
³­¥±« ±ÅkÅ2½y­¬  ±&« Ã½y­¬ M ³­»± À­¬¢¶l¯©Å2·L³½¾ª²Á©­¬ ´L¶&À  À¸·L²´¢¬°´;±¬ M ⊆ I+    ­¬ M ′ ³­S¬°´;­À­¬ M ∪ (I− − I+)  ]­ a­Æ«2­¬°´;­~bcz;`ybyz;N9xw;w;`yNZ
αM (A) = ((V
′, L′,→′, A′, λ′), E′)  ´L­®o­
















ζ(σ, (v,m′, v′)) = {(v · σ, ε, ν(e · v′ · σ) | e |= m′ ∧ e ∈ E}∪
{(ν(rt · v′ · σ), ε, v′ · σ) | rt |= (m′ ∧ r)}∪
if ¬∃i.0 ≤ i ≤ |σ| ∧ (v · σ)i |= m
′
then χ(m′, v′ · σ)
else ∅
  A′ = M ∪ {r}
p
  λ′ = σ 7→ {λMeth(σ0)} ∪ (if (|σ| = 1 ∧ σ0 |= r) then {r} else ∅)
pBxzL
  E′ = {v ∈ E | λMeth(v) ∈M}
¤
 	0 - Ë ¦N°_khoNYbeX\fLX\X\byz;Dw;ho_kw2Nh\Z\byN9X'_)ZoJ;Nbyz;`ybcz;byz;§x`yk_khobcZ\J;Mp
(N£LhXlZOX[J;_& xX[byMOw;`cN







. Ï  Ë º Ë  ¨§N]X[ZoxZ\N]X[N9nkNhx`fLX\N°f;`
w;ho_kw2Nh\Z\byN9Xt_iZoJ;N#byz;`ybczLbcz;x`yk_ah\bcZ\J;M¤ #%bchXlZS_(xk`c`-p2Z\J;N
byz;`ybczLbcz;¢xk`ca_khob}ZoJ;M _aMOw;fYZ\NGX)xzxw;wL`cNZ9¤








IαM (A) = (M,M ∪ (I
−−I+))  b.¤ Nk¤ αM (A) : (M,M ∪ (I−−I+)) 
¦Vgh\_awB_AX[bcZ\by_kz](NSZ\JWfLXaNZ
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A : I






































αMA∪MB(A ] B) = αMA(A) ] αMB (B)
 $	 

















α′M (v, σ) = (hd(γ), tl(γ))
p()J;NhoN
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A : I



























































































 & 	 " Ë    NZ
v →m v
′ xzB v |= ¬r ¤

































 k- -   NZ
v
m2−−→m1 v




































′ bcz αM (A) p')J;NhoN v |= ¬r p v2 |= m2 xzB
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¦V~YN£Lz;bcZ\by_kz'_k 	°z;_ah\M©xk` 
M
-°hxMON9X































′ · σ) = (v2, (v



























−→ (ν (v2 · v







′ · σ) =
(ν (v2 · v
′ · tl(w)) , γ)
¤
  Ë   	   NZ








































































































  ¦xkX\N hd(tl(w)) = hd(σ) ¤ ¦V¼YN£Bz;b}Zobc_azD_k αM xkzL α′M
p















α′M (hd(σ), tl(σ)) = (tl(w), γ)
¤







w →topM (w) w











α′M (hd(σ), tl(σ)) = (σ
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ËWÏ  Ë 	    ­¬
A : I
³o­¥±Ä²½c¶ºÀ­  ½c±&À¬ [²±&½ ½S®\­²·Y®À¸ª µ&­¥±oÅaÅ2½c­¬  ±&« H½c­¬ M ⊆ I+   ´L­«



















ν(hd(w) ·w′) = w
^;fYZ






























































































w′ = v′ · tl(w)
xzL
v →m′ v



























′ bcz A °_ahX\_kMON m′′ p v |= ¬r ¤tIJ;N9z (v, σ) m
′′    m′














′ · σ) = (w′, γ)
¤
;¤ 	°byzAZ\NhozLxk`Yh\NZ\f;hoz 







































α′M (hd(σ), tl(σ)) = (w
′, γ)
¤
  hd(σ) 6= v′′
xzL






























′′, σ′′) = (w′, γ)
¤
  hd(σ) 6= v′′
xkzL












′ p w |= ¬r p w′′ |= m2 xzL w′′ ∈ E ¤%IJ;Nz (w, γ) m1
  
m2−−−−−−−→















































′′, v′ · σ) =
(w′′, w′ · γ)
¤
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m1,m2 ∈ M
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A : I
³­»± ²½c¶&À­)H½c±&À¸¬ [²±&½ ½®\­²·Y®À¸ª µ&­»±oÅkÅ"½c­¬  ±«  ½c­¬ M ⊆ I+   ´L­«
bM (A) ≡w b(αM (A))

   2#






 	  Ë 8"-L Ë ¢










 ) αM (A) |=b ψ
A |=Mb ψ
( ËWÏ  Ë 	 &  ·Y½y­ 	.x^LX[Z\hxkZªeÀÀ¶&·Y« *









 ) αM (A) |=b δ(ψ)
A |=Mb,w ψ
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 Ï 	 - Ë ; Ï 	  	   q|zNGxho`cbyNh¦_kh   i¦NOw;h\NGX[N9zAZ\N9¼Z\J;N]°_a`c`y_&)bczLX\_kf;zBDxzB
_kMOw;`yNZoN_kMOw2_aX\b}Zobc_azLx`naNhob}£B9x&Zobc_azw;hobczBbyw;`cN
(compos)
A |=s σ Max IA(σ) ] B |=b ψ

































αM (A) |=s σ Max IαM (A) (σ) ] B |=b ψ










































( ËWÏ  Ë 	 2  ·Y½y­ 	(NGxA0xk^LX[Z\hxk¸Z\0_kMOw2_aXtªeÀÀ¶&·Y« ¢±&« ²¶ÁÅ"½c­¬|­
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ψ
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xkw;w;`yNZX ¦·Y®À­#xzL   ¶ !k±½¾¬!&¤tq|z6Z\J;N'_khobcabczLxk`xaX[NX[Z\fBYV(N_kMOw;fYZoN96M©x&ÂYbyM©x`xkw;w;`yNZoXtfLX\bcz;
ZoJ;N]bcMOw;`yNMONzAZx&Z\by_kzDbczAZ\N9h[xaNGX 	._kzAZxbyz;bczLx^2_kf;ZSka¢MONZoJ;_Y;XSwBN9hSxkw;w;`yNZ/¸¤IJ;beXtxkXtZ\byMON
_kzLX\f;MObyz; 	-kM]byzLX9¤Zo_GJ;hX9¤ »xkzL¼MO_khoN_&naNhGpLZoJ;NOX[b-&NO_Z\J;NO_kf;Zo_aMON#xkXSX[_`exhokNZoJLx&Z
naNhob}£2x&Zobc_az xkXOf;z;°N9xkX\by^;`cNa¤ _&¦NnaNhGpiZ\JLN6w;f;^;`ybybyzAZ\N9h[xaN9X 	[ª  ­ ZoJ;N¼X[JBxhoN9x^L`cNbyzaZoNh\xkN9X
_kZ\JLN9X\Nxkw;w;`yNZX#^2_ZoJHwLh\_&nWbeYN_az;`yV¥MONZoJ;_Y;X9¤ q0¦Nh\N°Nh#Z\_§Z\JLNX\JLxkh\NGx^;`yNbyzAZ\Nh\xkN9XOxkX
SIP
	MONZ\JL_WLXw;ho_&nWbyYNGD^WV0¦·Y®À­O°_kh ¦·Y®À­¢xzB   ¶ !k±½¾¬ !,xkzL
SIL
	   ¶ !k±½¾¬ !¼°_kh ¦·Y®À­¢xzB
  ¶ !k±½¾¬ !,¸p2hoN9X\wBNG¸Z\bynkN9`cVapY(N9xzbeYNzAZ\bc°VZ\J;N°_a`c`y_&)bczL]wLf;^;`yby~byzAZ\N9h[xaN9X 
(SIP , SIP ∪ SIL)
°_kh
·Y®À­p;xzB
(SIL, SIP ∪ SIL)
°_kh   ¶ !k±½¾¬ !*


















φ = νZ. φ ∧ [Lb]Z 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